Many studies have been done on the virulence factors of Vibrio parahaemolyticus, which causes acute gastroenteritis. Invasion by this bacterium of culture cells in vitro, however, has not been clearly demonstrated. To assess the invasive ability of V. parahaemolyticus, quantitative studies using antibiotic survival assays were done. Of 21 isolates examined, 4 could invade Caco-2 cells, a human colon carcinoma -derived cell line. Invasion of an isolate, AQ4023, was inhibited by cytochalasin D, nocodazole, and genistein. This indicates that active processes in cells, such as signal transduction by tyrosine protein kinase, may be involved in the internalization of this bacterium by Caco-2 cells and that actin filaments and cytoskeletal structure may have important roles in this process. These results suggested that the disease caused by some isolates of V. parahaemolyticus is attributable not only to toxin production but also to invasion into intestinal epithelium. 
by the isolates is shown in table 1. All clinical isolates but no TDH-related hemolysin (TRH) [2] , and adherence factors, inenvironmental isolates were positive for cell-associated HA, as cluding the outer membrane, pili, lateral flagella, and celldetermined by a previously described method [4] . The isolates associated hemagglutinin (HA) [3, 4] . However, the overall were routinely grown in Marine broth (Difco, Detroit) at 37ЊC for mechanism of enteropathogenesis of V. parahaemolyticus has 18 h. For the invasion assay, isolates were grown at 37ЊC for 3 h not been elucidated.
in LB broth containing 3% NaCl, with agitation to midlogarithmic phase. Salmonella typhimurium AQB7498 was used as an invasive
In the early investigations of V. parahaemolyticus pathogecontrol isolate.
nicity, tissue invasions in vivo were reported by Boutin et al.
Cell culture. Caco-2, a human colon carcinoma cell line, was [5] and Chattarjee et al. [6] : They showed that the organism grown at 37ЊC in 5% CO 2 in Dulbecco's modified Eagle minimum penetrated into the lamina propria and mucosa of rabbit ileum.
essential medium (DMEM) supplemented with 10% fetal calf seRecently, Hlady and Klontz [7] reported that 8% of V. parahaerum.
molyticus infections resulted in primary septicemia and 27%
Invasion assay. The invasion assay was done essentially as in wound infections. The fact that V. parahaemolyticus can previously described [9] . In brief, Caco-2 cells were seeded onto cause septicemia suggests that it can invade the epithelium. a 48-well tissue culture plate (10 6 cells/well), and then 1 mL of However, the invasive capacity of V. parahaemolyticus in vitro bacterial culture diluted to 10 9 cells/mL was added, and the cells has not been studied. Thus, to determine if V. parahaemolyticus were incubated for 3 h at 37ЊC in 5% CO 2 . The cells were washed twice with sterile PBS (pH 7.0) and incubated for 1 h in DMEM can invade Caco-2 cells, 21 isolates (18 clinical and 3 environcontaining 100 mg/mL kanamycin (to kill extracellular bacteria; mental) of V. parahaemolyticus were examined by use of antiall the bacterial isolates were sensitive to 100 mg/mL kanamycin). biotic survival assays.
The monolayers were washed once and lysed with 0.1% Triton X-100 in PBS, and cell suspensions were plated onto LB agar containing 3% NaCl to determine the number of intracellular bacte-
Materials and Methods
ria. When specific inhibitors were incorporated into the assay, they Bacterial isolates and growth medium. Most V. parahaemolytwere added to DMEM and were present throughout the assay. icus isolates examined in this study were isolated from stools of Assays were repeated three times, each time in duplicate. Results patients with traveler's diarrhea at Osaka International Airport are presented as the percentages of bacteria internalized, as calcuQuarantine Station. Three isolates (NAHA-1, THI-4, and THI-6) lated from the mean number of colony-forming units (cfu) of the bacterial isolate internalized in the Caco-2 cells per the number of bacteria in the original inoculum [9] .
Inhibitors. Stock solutions of inhibitors were prepared at the as a dose-dependent function of inhibitor concentration. In the To our knowledge, this is the first study to show that V. parahaemolyticus has an invasive phenotype in vitro, and this assay using genistein, the shorter pretreatment time was enough to inhibit invasion. These three inhibitors had no effect on the phenotype may relate to V. parahaemolyticus pathogenesis in disease. Further detailed study is needed for this determination. viability of isolate AQ4023 and its adherence to Caco-2 cells (data not shown).
